A more comparable secondary task is concurrent verbalisation. Concurrent verbalisation is a technique intended to create a verbal record of what attracts the driver's
attention and what they are looking at, without affecting their behaviour (Cole & Hughes, 1984; Hughes & Cole, 1986a , 1986b . Crundall and Underwood (1997) investigated the effect of concurrent verbalisation on manual responses and eye movements during a HP test. The findings showed no effect of verbalisation on speed of hazard responses, or on fixation durations or variance in fixation locations. This provides some suggestion that a secondary verbal task need not interfere with hazard responses or search strategy when it does not involve redirecting attention away from the driving scene.
However, commentary production differs from concurrent verbalisation in important ways that could lead to distraction. In a concurrent verbalisation participants are asked to report what they see, leaving natural pauses when there is nothing further to report. In this case the visual behaviour of the participant determines the content of the verbal report. In a driving commentary the participant is additionally asked to make predictions about what might happen next, decide and report what action they would take to avoid developing hazards and not leave pauses. Hughes and Cole (1986a) suggested that producing a continuous verbalisation (without pauses) may lead participants to pay attention to things that they would normally ignore. The need to identify potentially hazardous situations, make predictions about the future behaviour of other road users and plan a response for verbal report might also be expected to lead to important changes in patterns of visual search and cognitive processes. Since these behaviours are vital for early hazard detection, the addition of these elements might be expected to change what the driver looks at in such a way as to improve hazard responses. This would, however, rely on the time course of processing for commentary and hazard perception to be the same. If attention was directed away from a Running head: PRODUCING A COMMENTARY SLOWS HAZARD PERCEPTION 6 potential hazard source in order to locate the next item to comment on before a developing hazard had been detected, for example, hazard perception might be delayed.
Video based HP tests can be used to differentiate between novice and expert drivers (Borowsky, Oron-Gilad, & Parmet, 2009; Borowsky, Shinar, & Oron-Gilad, 2010; Horswill & McKenna, 2004; Isler et al., 2009; Scialfa et al., 2011) and have been shown to be predictive of crash risk (Wells, Tong, Sexton, Grayson, & Jones, 2008) . They are safe and efficient to conduct, making them an ideal tool to test the effect of commentary on hazard perception.
While hazard responses can reveal the effect of commentary on speed and accuracy of hazard detection, further insight into the effect of commentary on visual search behaviour can be gained by observing eye movements. A number of differences in eye movements have been observed between novice and experienced drivers. Novice drivers have been shown to use less flexible search strategies, have a narrower spread of search and longer fixation durations than more experienced drivers (Chapman & Underwood, 1998; Crundall & Underwood, 1998; Mourant & Rockwell, 1972) . Although the latter finding has not always been present (Underwood, Chapman, Bowden, & Crundall, 2002) , it is believed that the shorter fixation durations of experienced drivers are indicative of an ability to process driving-related stimuli more quickly than novice drivers, due to increased experience.
Novice drivers have also been shown to fail to look at locations that are relevant for the assessment of risk (Pradhan et al., 2005) To date there has been no investigation of the effect of either training in commentary or producing a live driving commentary on eye movements. If producing a commentary improves visual search strategy, we first might expect this to be reflected in earlier or more frequent fixations on the developing hazard. We might also expect eye movements to become more like those of experienced drivers, with shorter fixations and a wider spread of search. Alternatively, a concurrent commentary might mean that items being commented on capture attention for longer than usual, leading to longer fixations and a less efficient visual search, leading to later detection of the developing hazard.
In the current study we investigate the effect of producing a commentary on concurrent hazard perception skills and eye movements. In Experiment 1 we look at the effect of commentary production during a HP test on the frequency, accuracy and timing of hazard responses. We also look at differences in general eye movements (number of fixations and mean fixation duration) and eye movements to the hazard causing object (time and duration of first fixation, total fixation time). We expect fixation durations to be affected in the commentary condition, either becoming more like those of more experienced drivers or with longer fixations as commentary distracts attention from the search for hazards. In Experiment 2 we investigate whether limiting the number of words per utterance while producing a commentary might reduce demands and affect hazard responses and eye movements differently to a full commentary. Participants completed a number of hazard clips in silence, while giving a full commentary or while giving a clipped commentary, in which they were asked to keep each utterance to one or two words.
Experiment 1
In Experiment 1 we used a bespoke training video to train half of the participants in how to produce a driving commentary. Participants then practised their commentary over a practice hazard perception (HP) clip, before producing a commentary during a 13 clip HP test. The performance of these participants was compared to that of a control group who watched the same training video material without the accompanying audio, and completed the HP test in silence.
Eye movements were recorded and analysed to establish whether producing a commentary may lead to an improved search strategy or an earlier first fixation upon hazards.
Method
Participants Fifty-three students between 18 and 37 years of age (M = 21, SD = 3, 24 male) took part, with 27 randomly allocated to the control group and 26 to the commentary group. Participants were recruited as part of a larger study that began with the experiment reported here and was followed by a simulator study, which is not discussed further here. All participants were English speakers, had normal or corrected-to-normal vision, and had held a full UK driving licence for 1-19 years (M = 3.2, SD= 2.9).
Stimuli and apparatus
Participants viewed a 30 minute bespoke training video consisting of footage of a drive around Nottingham (UK) filmed from the perspective of the driver. A 1080i full HD Sony video camera was used, with a Carl Zeis Vario-Sonnar T* lens. The camera was mounted on the inside of the windscreen using a Manfrotto suction cup camera mount. Audio was recorded using a Sennheiser Ew 100 G2 radio microphone with a tie mic. The drive was undertaken by a professional Approved Driving Instructor (ADI), who had been trained in commentary driving and was himself an experienced instructor of commentary driving. Road and traffic conditions included suburban and urban roads and dual carriageways, incorporating Nottingham city centre, as well as quieter residential areas. The instructor provided a commentary throughout the 30 minute video, though it was possible to present the video with or without the accompanying audio. Sections of the training video can be viewed at www.lifelongdriving.org.
The HP test consisted of 13 video clips, ranging in length between 19.9 and 54.7 seconds (M=37.3,SD=11.8). These were filmed using a similar set up to that of the training video. Twelve of the clips contained one predefined hazard, while one clip contained two predefined hazards. For the purposes of this study a hazard was defined as any object or event that might require you to suddenly change speed or change your position in the road in order to avoid a collision.
Button press responses that fell between the hazard onset and offset times were counted as correct responses to the predefined hazard and response times were recorded relative to the hazard onset time. The hazard onset time was initially determined a priori as the point at which a driver could predict that the occurrence of a hazard was unavoidable.
However, in an earlier experiment using the same clips, participants had been required to pause the clip and verbally describe the hazard. The results from this experiment demonstrated that, for some of the clips, it was possible to correctly respond to the predefined hazard before the a priori hazard onset time. Where this was the case the hazard onset time in this experiment was adjusted to reflect this. Hazard onset times ranged from 9.7 to 45.6 seconds (M=25.4, SD=11.1). Hazard offset times were derived from the same earlier experiment, using an offset time of 3 standard deviations above the mean response time for each hazard.
The hazard clips were presented on a 22" flat screen Dell monitor at a resolution of 1680x1050, using SensoMotoric Instruments (SMI) Experiment Centre 3.0. Eye movements were recorded using an SMI iViewX™ Remote Eye tracking Device. The system was used at a temporal resolution of 60hz and a spatial resolution of 0.03°. The eye tracker is mounted at the bottom of the monitor and tracks gaze position of the participant at a viewing distance of around 60cm, without the need for a head restraint or chin rest. An Olympus WS-320M digital voice recorder was used to record commentary.
Design A between subjects design was employed, with two groups. Participants were randomly allocated to either the control group, who had no exposure to commentary, or the commentary group, who were trained in how to produce a commentary and were then subsequently required to give a commentary during the HP test. Training consisted of watching a 30 minute video of commentary provided by an Approved Driving Instructor while driving around Nottingham. While watching this training video, all participants were asked to press a key for any perceived hazards. Control participants watched this video without sound and so received no commentary training, but were still required to press a key for any hazards in order to maintain engagement with the video.
Behavioural data for analysis were derived from the HP test and included frequency of hazard responses, number of correctly identified predefined hazards and response times.
For analysis of number of correctly identified hazards and reaction times all cells in which the response count was more than 3SDs above the mean number of responses for the clip were counted as incorrect, as the participant had not effectively discriminated between the hazardous situation and non-hazardous parts of the clip.
For analysis of response times, trials in which no correct response was made were replaced by the maximum possible correct response time for that hazard. All analyses were repeated with no correct response treated as missing data. Where the two analyses differ it will be reported in the results.
Gaze coordinates were recorded at a rate of 60Hz. For analysis of eye movement data any consecutive set of gaze location coordinates with a dispersion of less than 100 pixels for at least 80ms were classified as a fixation. The intervening samples were classified as saccades or, if no data were recorded, as blinks. Number of fixations and mean fixation durations were analysed. In order to allow an analysis of attention to the hazard itself, each hazardous target (e.g. a vehicle or pedestrian defined as the a priori hazard) was used as an area of interest (AOI). The AOI encompassed the hazardous object, beginning at the point where the object first entered the scene, and following it until it exited the scene or the hazard window ended, whichever was the earlier. For each AOI the time at which the gaze first entered the area, the number of fixations within the AOI area, the duration of the first fixation and the sum of all fixation durations (total dwell time) in the AOI were analysed.
Procedure After completing a short demographic questionnaire, participants were asked to face the monitor in a position that they could comfortably maintain for the following 30 minutes. Adjustments were then made to the position of the participant's chair and the monitor (with eye tracker attached) in order to place the eyes in approximately the centre of the eye tracker camera view.
All participants wore headphones for the duration of the training video and received onscreen instructions. The eye tracker was calibrated and the participants were instructed to watch the training video and press a key whenever they saw a hazard. A hazard was described as any object or event that might require you to suddenly change speed or change your position in the road in order to avoid a collision.
The experiment reported here forms part of the training procedure for an experiment involving a driving simulator, so both groups were told that they would later complete a HP test and drive in the simulator. The control group were told that they should pay attention to the video, as this was the only training that they would receive in how to drive safely. The commentary group were told that they may later be asked to provide their own commentary while carrying out the HP test and driving in the simulator and that they should pay attention to the video, as this would be the only training that they would receive in how to produce a commentary. The control group watched the video with no audio, while the commentary group watched the video with the accompanying commentary. To ensure that control participants remained engaged in the video, all participants were asked to press the zero key whenever they saw a hazard.
After completing the training video participants were encouraged to take a short break, before they resumed their position and the eye tracker was recalibrated. All participants were advised that they would view 13 driving clips, 12 of which would contain one hazard and one of which would contain two hazards. Participants were asked to watch the clips and press the zero key as quickly as possible when they saw a hazard. They were also advised that they could press zero several times, but if they pressed too many times in a single clip their data would be rejected. The commentary group were asked to provide a verbal commentary over the clips, which was recorded. After completing a practice clip, the participants completed the HP test.
After the experiment, participants went on to use a driving simulator for a separate experiment.
Results
Across all participants, there were five instances where a participant pressed the wrong button to respond, resulting in an inadvertent termination of the clip. These responses were not included in the subsequent analyses (0.7% of cells).
The length of each HP clip varied, as did the visual properties of the clip and the length of the hazard window during which responses were treated as correct. This meant that some clips could have a greater effect on group means than others and missing data for a particular clip could lead to an over or underestimation of participant performance. For example, if a participant gives no correct response on a clip where the mean response time is longer than other clips, so have no response time for that clip, the mean response time for that participant will be artificially low. Equally, missing data for a clip with a particularly short mean response time would make the participant's mean response time artificially high. To ensure that each clip contributes equally to participant means the data for each clip were zscored using the mean for that clip, before being entered into analyses. For ease of interpretation the means and standard deviations reported here have been converted back to the original units from z-scores, using the grand mean and standard deviation. For analysis of response accuracy and reaction times all cells in which the response count was more than 3SDs above the mean for the clip were counted as incorrect (2.2%), as the participant had not effectively discriminated between the hazardous situation and nonhazardous parts of the clip.
Behavioural Analyses
An independent t-test on the percent of the predefined hazards that were correctly identified showed no significant difference between the commentary (M = 87.4%, SE = 1. 
Discussion
The aim of Experiment 1 was to discover whether an online commentary resulted in faster and more accurate HP responses, or whether the production of a commentary might degrade hazard perception performance. The results did not suggest any change in the accuracy of HP responses in the commentary group compared to the control group, but response times were slowed for those participants who had to give a commentary. This suggests that giving a commentary degrades HP performance.
One possible mechanism that could underlie the degrading effects of online commentary would be an increase in fixation durations: when making an utterance in regard to a fixated object, we hypothesised that the length of the fixation on that object may be extended to the duration of the utterance. For instance, if a parked vehicle normally attracts a fixation of 400 ms, but the duration of the utterance lasts 2000 ms (e.g. "I see a parked vehicle on the left side of the road"), the participant may remain fixated on the object until the utterance is finished. This was not the case however. In fact, fixation durations were shorter, suggesting ocular motor strategies more similar to those of experienced drivers (Chapman & Underwood, 1998) . Indeed this is the effect that many practitioners of commentary driving would predict, with drivers paying more attention to a greater variety of cues in the driving scene. Despite the shorter fixation durations, these ostensibly-improved measures of eye movements do not carry through into faster hazard responses. Why might this be the case?
It is assumed that highly experienced drivers make shorter fixations than novice drivers because they are able to process driving-related stimuli more efficiently. It remains possible however that the act of producing a commentary may evoke shorter fixations for a different reason than a reduction in the processing difficulty of the fixated object. Although an increase in spatial load can lead to longer fixation durations while driving (Recarte & Nunes, 2000) , non-spatial secondary tasks have been associated with a decrease in fixation durations during driving (Nunes & Recarte, 2002) , as has naturalistic conversation (McCarley et al., 2004) .
Although eye tracking data show that the fixation does not remain on the object of commentary for the duration of the utterance, it is still possible that participants are processing certain objects in working memory after their eyes have moved to another location in the visual scene. If a verbally-reported object continues to demand cognitive resources until the end of the utterance, even if it is no longer currently fixated, this might explain the degraded hazard perception performance. There are no data in the current experiment that can be used to address this issue. However if one could artificially evoke shorter, clipped utterances, this should allow this hypothesis to be assessed. Accordingly, a second experiment was undertaken where a full commentary condition, and a control condition, were both compared to a clipped commentary condition. In this latter condition, participants received specific instructions to keep utterances short and to the point. If the act of producing a commentary is increasing the amount of time that a participant devotes to processing an object (independently of how long they look at it for), then shorter utterances should reduce this secondary demand and improve HP performance.
One further change to the experimental design addressed the possibility that differences between the groups were caused by the training period rather than the act of producing a commentary. In Experiment 1 participants were either untrained and silent at test or trained and producing a commentary at test. In Experiment 2 a within subjects design is used and participants watch only a very short example of a clipped or full commentary before producing their own at test. Effects of commentary would therefore be expected to be caused by the act of producing a commentary, rather than watching an extended expert commentary.
Experiment 2
In Experiment 2 we investigated the effect of a clipped commentary on behavioural and eye movement performance during a HP task, relative to a silent control condition and a full commentary condition, using a within subjects design with limited training.
In the clipped commentary condition participants are asked to restrain each utterance to one or two words, while in the full commentary condition they are asked to use natural language. Restraining the length of each utterance allows us to investigate the effects of a limited commentary, which may be both less demanding in terms of formulating a verbal response, and would be expected to shorten the time that participants need to spend attending to or processing each item that they describe.
If reductions in fixation durations represent an improvement in visual search strategy, but the secondary task of producing the verbal commentary delays the button press response, we might expect faster responses in the clipped condition. It remains a possibility however that any form of commentary increases the demands of verbally-reported objects, independently of the length of the utterance.
Method
Participants Thirty six students between 18 and 25 years of age (M = 20, SD = 1.7, 9 male) took part. All participants were English speakers, had normal or corrected-to-normal vision, and had held a full UK driving licence for 1-7 years (M = 2.8, SD = 1.4).
Stimuli and Apparatus
An HP test was used, consisting of 29 hazard clips filmed from the perspective of the driver. Each clip ran for between 10 and 62 seconds (M = 39 seconds, SD = 16). Twenty eight of the clips contained one predefined hazard and one clip contained two predefined hazards. The clips were split into three sets, each containing 10 hazards (either 9 or 10 clips) and totalling between 6 minutes 31 seconds and 7 minutes 30 seconds of footage. Nine of the clips were the same as those used in Experiment 1. Hazard onsets and offsets were defined a priori. Onsets were defined as the point at which a driver could predict that the occurrence of a hazard was unavoidable, while offsets were determined as the point at which a collision would have occurred if the camera car had not taken evasive action by reducing speed or changing road position.
Clips were presented and behavioural and eye movement data collected using the same equipment as in Experiment 1. Commentaries were recorded directly onto a second computer using Audacity software.
Design A within subjects design was employed, with three conditions. In the control condition participants were asked to complete the HP test in silence. In the two commentary conditions participants were asked to give a verbal commentary on what they were looking at and thinking about, as if they were the driver while completing the HP test. In the clipped commentary condition participants were asked to constrain each utterance to one or two words. For example, "car left" or "slowing". In the full commentary condition they were not asked to constrain the number of words, but to use natural language to describe events. For example, "There's a car coming from the side road on the left, it might pull out" or "There's an oncoming bus ahead, I'm slowing to wait".
Every participant took part in all three conditions, each with a different clip set. The association between condition and clip set, the order of the clip sets and the order of the conditions were counterbalanced. The order of the clips within each clip set was randomised.
No training video was used in this experiment. Prior to each condition participants were given instructions on the commentary to provide, watched an example clip accompanied by the appropriate style of commentary, as provided by a driving expert, and then practised their own commentary over a second video clip. In the control condition the example clip was played without any accompanying audio and the participant completed the practice hazard clip in silence.
The same behavioural and eye movement data were analysed as in Experiment 1.
Audio recordings were also used to determine the number of words used in the two commentary conditions to refer to the hazard. Audio files were also used for an in-depth analysis of the commentary produced; these data will be presented as part of a separate paper.
Procedure After completing a short demographic questionnaire participants were instructed on how to complete the HP test. They were informed that they would complete three short HP tests, with each test consisting of 9 or 10 clips, each containing one or two hazards. They were asked to watch the clips and search for hazards. A hazard was described as any object or event that might require you to suddenly change speed or change your position in the road in order to avoid a collision. Participants were asked to press zero as quickly as possible when they saw a hazard and advised that they could press zero several times, but that if they pressed too many times in a single clip their data would be rejected.
They were also told that they would be required to give a verbal commentary in some of the tests, but would receive separate instructions before each test.
The first set of clips varied depending on the counterbalancing condition, as did the condition in which it was completed (control, clipped commentary or full commentary).
Prior to each set of clips the participant was instructed on the requirements of the condition (see design); specifically whether they should complete the HP test in silence, provide a clipped commentary or a full commentary out loud while completing the test. They watched an example clip in silence, accompanied by a recorded clipped commentary, or a full commentary, depending on the condition. After the example clip the participant completed a practice clip, in which they were silent, gave a clipped commentary or gave a full commentary, as appropriate.
The participant's seating position was checked for optimum eye tracking and the eye tracker was calibrated before the clip set began. This procedure was then repeated for the two remaining conditions.
Results
The behavioural and eye movement data from one participant were removed prior to analysis, as they made no correct response for 8 out of 10 clips in one condition (pressed the response key more than 3SDs above the clip mean), suggesting that they were not completing the HP task appropriately.
Data were analysed using 1 x 3 repeated measures ANOVAs with three levels (control, clipped commentary and full commentary). Where the assumption of sphericity was violated Greenhouse-Geisser adjustments were used. Where this was the case the p values reported are after Greenhouse-Geisser adjustment, however the original degrees of freedom are retained for clarity. As both commentary conditions differ from the silent control condition in their requirement for a verbal response, significant main effects were explored using planned Helmert contrasts comparing the control condition with the combined mean of the commentary conditions, and then comparing the clipped commentary condition with the full commentary condition.
All data were z-scored, as in Experiment 1. For ease of interpretation the means and standard deviations presented here have been converted back to the original units from zscores using the original grand mean and standard deviation.
To ensure that participants were following instructions and that utterances were Eye Movement Analyses All trials with missing data for more than 10% of the total clip length were removed before analysis (6.7%).
There 
Discussion
In Experiment 2 it has been shown that producing a commentary reduces frequency, accuracy and speed of response to hazards in a HP test, even when a within subjects design is used and only minimal instruction is provided. This suggests that differences are due to the act of producing a commentary, rather than the training process.
Participants successfully limited their commentary in the clipped commentary condition, producing utterances related to the predefined hazard that were approximately half the length of utterances in the full commentary condition. Despite this, there were no significant differences in the effects of a clipped or full commentary on either eye movements or HP measures, eliminating the possibility that distraction is caused when items capture attention for the length of the associated utterance.
General Discussion
In Experiment 1 we found that a live commentary leads to slower hazard responses and shorter fixation durations. In Experiment 2 this finding was repeated in a within subjects design, without a significant training period. Additionally, we found that a clipped commentary, using only one or two words per utterance, had the same effects as a natural commentary, and was no less detrimental to the speed of hazard perception. The increased power of a within subjects design in Experiment 2 allowed us to detect a significant decrease in both frequency and accuracy of responses in the clipped and full commentary conditions relative to the silent control condition. This is consistent with an explanation either at the level of hazard detection or hazard response. A failure to detect a hazard would clearly lead to fewer responses. However, a failure to respond to hazards in an appropriate time frame may also lead to fewer responses if participants inhibit button press responses that are no longer appropriate to the portion of the clip being viewed.
Training in commentary driving has been shown to improve subsequent hazard perception performance (Isler, Starkey, & Williamson, 2009; McKenna, Horswill, & Alexander, 2006; Wetton, Hill, & Horswill, 2013) . However, our results show that when a live commentary is produced at test hazard responses are delayed relative to the untrained, silent control. This suggests that producing a commentary acts as a distraction from the concurrent HP task, and that this distraction is sufficient to negate any benefit of training.
Dual task interference can occur at the level of perception, central processing or motor response. Interference in perceptual systems would be expected if both tasks required the same perceptual system to carry out different tasks. With regards to the visual system in particular, two different displays, some distance apart, cannot be monitored with the same level of visual acuity as a single display (Wickens, 1980) . This is well illustrated in the case of driving while using a telephone handset to dial a telephone number (Tornros & Bolling, 2005) . In the case of producing a commentary and pressing a response key for hazards, however, the perceptual input should be the same; those elements of the visual scene that are hazard relevant. This would, however, rely on the content and time course of processing for commentary and hazard perception to be the same. As discussed, the additional demands of commentary (over and above verbally reporting what is being observed) could affect where and when the participant attends, and delay the perception of hazards. However, eye movement analyses revealed that there was no effect of commentary on time to first fixate the hazard or number of fixations on the hazard. Although the total fixation duration on the hazard was shorter in the commentary conditions, this was indicative of reduced fixation durations overall, rather than a specific reduction in fixations on the hazard. This suggests that the live commentary does not slow people in fixating the hazard, but it does affect their ability to respond. These results are consistent with a post-perceptual bottleneck, as drivers look at the developing hazard just as soon, but responses are delayed.
Many of the findings from dual task interference research are consistent with a central processing bottleneck (see Pashler & Johnston, 1998 for a review), in which central processing for the second task is delayed due to either competition for limited central resources (Kahneman, 1973; McLeod, 1977b) , or central processes that can only be carried out for each task in serial (e.g. Posner, 1978; Welford, 1981) . Evidence for this type of bottleneck has been shown during simulated driving using a verbal response to a visual or auditory stimulus and a braking task (Levy, Pashler, & Boer, 2006) varying the likelihood of tasks that depend on these conditions becoming automated is reduced (Lien, Ruthruff & Johnston, 2006) .
Another possible source of interference occurs at the level of response execution (Dejong, 1993; Keele, 1973) . Response execution bottlenecks are typically observed when the same effector system is used in both tasks (McLeod, 1977a; Ulrich et al., 2006) but they have also been observed when tasks require a verbal and manual response (Bratzke et al., 2008) , as is required in the case of simultaneous commentary and hazard responses.
However, if a response execution bottleneck was responsible for the delay in the manual response to hazards in the current experiment we would expect this effect to be ameliorated in the clipped commentary condition of Experiment 2, where the verbal demands were reduced. Since this is not the case it seems unlikely that a response execution bottleneck could adequately explain the effect of commentary on concurrent hazard perception responses.
The fixation durations of typical drivers who produce a commentary are shorter than those of typical drivers in the control condition, just as the fixation durations of experienced drivers are shorter than those of novice drivers (Chapman & Underwood, 1998) . Shorter fixations can allow more rapid scanning of the visual scene and are generally interpreted as suggesting that the driver can process driving related stimuli more quickly than those with longer fixations. However, the associated increase in response time to hazards suggests that shorter fixations are not indicative of more rapid processing in this case. A secondary spatial loading task can lead to longer fixations during driving (Recarte & Nunes, 2000) . However, non-spatial cognitive loading tasks, including autobiographical memory recall and currency conversion tasks, have been shown to reduce fixation durations while driving (Nunes & Recarte, 2002) . More specifically, naturalistic conversation while driving has also been associated with a decrease in fixation duration (McCarley et al., 2004) . In this case longer response times to hazards suggest that shorter fixations are caused by the secondary task of producing a verbal commentary due to increased verbal cognitive load, rather than the more rapid processing of the visual scene observed in expert drivers.
There is a wealth of research showing that conversing causes a distraction from driving that is detrimental to driving performance (for example, Caird, Willness, Steel & Scialfa, 2008) and giving verbal responses to non-driving relevant stimuli can also have a detrimental effect (Rizzo et al., 2004; Thompson et al., 2012) , but it is not clear which elements of speech lead to this detriment. Differences between conversation and commentary production can give some insight into which elements of conversation are the best candidates for the cause of distraction. Conversation is a complex task involving listening and comprehension of speech, followed by formulation and production of a response. Producing a commentary does not involve listening or comprehension and in order to formulate a response attention must be directed to the road scene itself. Since producing a commentary leads to a detriment in hazard perception it seems unlikely that listening or comprehension are key components of the detriment observed during conversation. This is consistent with earlier research showing that listening to a radio broadcast or audiobook does not disrupt driving (Strayer & Johnston, 2001 ). Concurrent verbalisation is a task that also involves speech based on the road scene that does not require listening or comprehension, however, unlike commentary, this does not produce any detriment in concurrent hazard detection (Crundall & Underwood, 1997 Hazard perception can be considered as a specific instance of the broader concept of situation awareness (Endsley, 1995) . Three levels of understanding are required for effective situational awareness; perception of elements in the current situation, comprehension of current situation and accurate prediction of the future status of the situation. Commentary driving might be most effective in forcing drivers to improve their predictions about the development of hazards. However, it is possible that when trainees attempt to produce their own commentary after little commentary exposure, they focus on the easier task of making observations about what they can see, rather than making predictions about what might happen. This could mean that exposure to commentary is beneficial to average drivers because of the exposure to predictive information, but rehearsing a commentary may initially have little benefit until trainees are able to keep up with both observational statements and the predictive statements that might help to improve predictive abilities. After sufficient practice in commentary the trainee may eventually benefit further from improved hazard prediction, but this benefit may still only be observable when the trainee drives silently, due to the increased demands of commentary production outweighing the benefits of improved hazard prediction.
To help compensate for the increased load of producing a commentary trainees could potentially reduce their general driving speed. It has in fact been noted that new commentary drivers are tempted to reduce their speed so that they can produce an effective commentary (Gilbert, 2007) . In this case the drivers are advised to attempt to continue driving at their normal speed and accept that they will not be able to comment on everything relevant at first.
If drivers are able to do this it could reduce demands from the secondary task sufficiently to allow the primary task to be completed safely while the commentary is improved over time.
However, in some cases a secondary task has been shown to interfere with a driving task even when participants are specifically told not to carry out the secondary task (Levy & Pashler, 2008) . This raises questions about whether it is possible to entirely disregard the commentary task in dangerous driving situations, or whether the original intention to produce a commentary may still interfere with performance.
Despite evidence that commentary training can lead to improved hazard responses, our findings suggest that producing a live verbal commentary can actually impede hazard perception. Although there remains hope that well practiced driving responses may be less susceptible to distraction from live commentary production than a relatively novel button pressing response, the risk of distraction means that commentary practice should not currently be carried out on the road unsupervised. 
